photoresists, photocurable coatings and inks [1] . Photosensitivity for the insolubilization reactions is one of the most important factors for practical use.
Highly sensitive systems based on chemical amplification have been investigated [2] . In the chemical amplification process photochemically induced acids act as catalysts for the reaction of polarity changes or crosslinkings of polymers. An exposure with very low dose and subsequent thermal reaction can induce the solubility change of polymers. In this paper we report the synthesis and photo-assisted thermal crosslinking of polymers bearing imino sulfonate units.
In this system polymers became insoluble in solvents upon irradiation with UV light and subsequent heating.
According to the reported method [3] , imino sulfonate monomers such as 9-fluorenilideneimino p-styrenesulfonate (yield; 49%, mp 137 °C)
, Polymer films were prepared by casting diglyme or cyclohexanone solution of the polymers onto quartz plate or silicon wafer. The absorbance of the films was kept below 1.0 at 254 nm. The films were irradiated using a low-pressure Hg lamp (0.36 mJ/cm2 sec) at room temperature. Baking of the films was done with a conventional hot plate. After irradiation polymer films were developed in organic solvents such as benzene, chloroform tetrahydrofuran, or N,N-dimethylformamide. Insoluble fraction was determined by comparing the film thickness before and after developments.
Polymers became insoluble in organic solvents such as tetrahydrofuran, benzene, chloroform and N,N-dimethylformamide, when they were heated. As shown in Fig. 1 temperatures (Tins) at which the polymers became insoluble were observed at 110-220 °C, depending on structure of the imino sulfonate units of the polymers. T;~s was observed to decrease in the order l c> l a> l e> l b> id. This order was consistent with the order of thermal decomposition temperature (Td) of the imino sulfonate units of the polymers. The Td values obtained from DSC measurements were observed to be 132-250 °C (see Table 1 ). Thus the thermal insolubilization of the polymers seems due to thermal decomposition of the imino sulfonate units. Tins values were also affected by the structure of other units than imino sulfonate units and decreased in the order 2a 4a > 1 a > 3a (Fig. 2) . The polymers used in this study showed strong absorption peak at 225-260 nm, depending on the structure of imino sulfonate (Fig. 5) . The polymer 3a gave the lowest Tins. The decrease in Tins values by the irradiation (22 mJlcm2) before heating was 10-100 °C for the polymers studied. Decrease in Tins was also observed, when the 1 e film was irradiated at 366 nm before heating. It was reported that imino sulfonate units in polymers photochemically decomposed to form p-styrenesulfonic acid units along with ketones and azines 1151. The photochemical decomposition of the present polymers was confirmed by UV spectral change due to imino sulfonate units upon irradiation. The quantum yields (c) for the photolysis of imino sulfonate units in 1 a-e were 0.12-0.20 for 254-nm exposure, except 1 d (4 =0.41).
The 1 values for 2a, 3a and 4a were almost the same as that for la.
No decrease in T1 was observed, if the irradiated polymer was treated with aqueous diethanolamine solution before heating.
Thus the photoinduced acid is essentially important for lowering Tins. Small amounts of acid units effectively decreased the T1DS values, suggesting that the acid works as catalyst for the thermal insolubilization reaction.
It was reported that in the presence of strong acids poly(t-butyl methacrylate) thermally decomposed to form poly(methacrylic acid), if it was heated in solid state. The temperature at which the deesterification occurred was dependent on the acid concentration and the strength of acids used. Although the I a film irradiated with a dose of 5.4 mJlcm 2 and heated at 140 °C for 10 min became insoluble, degree of deesterification of t-butyl ester units was about 10 %. The deesterification degree was estimated from the change in absorbance at 1717 cm-1 due to ester groups. It seemed that the polarity change of the polymer did not play an important role for the photo-thermal insolubilization, if the heating temperature was relatively low and heating temperature was short.
It was reported that imino sulfonate compounds thermally decomposed to form sulfonic acid anhydride [6] . The formation of the p-styrenesulfonic acid anhydride moieties can induce the insolubilization of the polymers. The thermolysis of imino sulfonate units of the polymers may be catalyzed by the photoinduced acids.
It was found that the temperature of thermal decomposition of 9-fluorenilideneimino p-toluenesulfonate in toluene dropped on addition of p-toluenesulfonic acid. A possible mechanism for the photo-thermal insolubilization of the present polymers can be shown in Scheme 2.
